A reduction in levels of low-density lipoprotein (LDL) cholesterol constitutes one of the cornerstones in the prevention of cardiovascular disease. In recent trials comparing various statins or the same statin at various doses, aggressive therapy to lower LDL cholesterol levels was associated with a reduction in rates of cardiovascular events. [1] [2] [3] [4] However, administration of the highest approved statin dose offers only limited additional lowering of LDL cholesterol at the expense of an increased incidence of side effects. 5 Therefore, novel compounds that further reduce LDL cholesterol levels when added to statin therapy are of interest. A recently introduced compound, ezetimibe, selectively inhibits cholesterol absorption by binding to the Niemann-Pick C1-like 1 (NPC1L1) protein. The latter is located at the brush-border membrane of the enterocyte, where it contributes substantially to the intestinal uptake and cellular transport of cholesterols and noncholesterol sterols. 6,7 Combined therapy with ezetimibe and a statin provides an incremental reduction in LDL cholesterol levels of 12 to 19%. 8, 9 In this study, we sought to determine whether the daily administration of 10 mg of ezetimibe in combination with 80 mg of simvastatin could reduce the progression of atherosclerosis in patients with familial hypercholesterolemia, as assessed by measurement of arterial intima-media thickness. The rationale for studying patients with familial hypercholesterolemia is that such patients have a greatly increased risk of premature coronary artery disease 10 and an increased rate of progression of intima-media thickness starting in childhood. 11 In our study, called the Ezetimibe and Simvastatin in Hypercholesterolemia Enhances Atherosclerosis Regression (ENHANCE) trial, we used B-mode ultrasonographic imaging of the intima-media thickness in the carotid and femoral arteries as a surrogate measure to assess the progression of atherosclerosis.
Me thods

Study Design
Our prospective, randomized, double-blind, activecomparator, multicenter study was designed by academic investigators in collaboration with the study sponsors, Merck and Schering-Plough. The image database was generated and housed in the Core Echo Laboratory at the Academic Medical Center in Amsterdam, and the clinical database was maintained by the sponsors. All data were analyzed independently by an investigator at the Department of Clinical Epidemiology and Biostatistics at the Academic Medical Center. Although the authors allowed the sponsors to review the manuscript, all data analyses and interpretation of the results are those of the academic investigators.
Patients provided written informed consent, and the study's protocol was approved by the institutional review board at each center. The study was conducted at 18 ambulatory care centers in the United States, Canada, South Africa, Spain, Denmark, Norway, Sweden, and the Netherlands between August 2002 and April 2006. Men and women between the ages of 30 and 75 years were eligible to participate in the study if familial hypercholesterolemia had been diagnosed either by genotyping or by their having met the diagnostic criteria outlined by the World Health Organization. 12 Patients were enrolled regardless of their previous treatment with lipid-lowering drugs. Untreated levels of LDL cholesterol had to be 210 mg per deciliter (5.43 mmol per liter) or more. Patients who were receiving lipid-lowering therapy and who had an LDL cholesterol level of less than 210 mg per deciliter at the time of screening were permitted to undergo randomization if their LDL cholesterol level was 210 mg per deciliter or more after the placebo run-in period.
Major exclusion criteria included high-grade stenosis or occlusion of the carotid artery, a history of carotid endarterectomy or carotid stenting, homozygous familial hypercholesterolemia, New York Heart Association class III or IV congestive heart failure, cardiac arrhythmia, angina pectoris, or recent cardiovascular events.
The study consisted of three periods: a screening phase, a single-blind placebo run-in period of 6 weeks, and a double-blind study period with a scheduled duration of 24 months. At baseline, informed consent was obtained, after which laboratory testing and a screening evaluation of the carotid artery were performed. (For details, see the Supplementary Appendix, available with the full text of this article at www.nejm.org.)
At the end of the run-in period, during which all lipid-lowering drugs were discontinued, baseline measurements of lipoprotein variables and intima-media thickness were recorded. Patients were randomly assigned in a 1:1 ratio to receive daily therapy with 80 mg of simvastatin either with placebo or with 10 mg of ezetimibe. Randomization, which was based on computer-generated codes provided to the clinical centers by a central randomization service, was stratified according to clinical center. Visits were scheduled on day 1, at months 1 and 3, and thereafter at 3-month intervals, with ultrasonographic measurements scheduled for visits at baseline and at 6, 12, 18, and 24 months.
All authors contributed to the manuscript and can vouch for the accuracy and completeness of the data. The study contract specified that after the database was locked, a copy of the completed study database should be provided to the coordinating center for independent analysis. The academic authors had full and unrestricted rights to analyze, interpret, and publish the results.
Measures of Carotid Intima-Media Thickness
All patients underwent ultrasonography of the carotid and femoral arteries to assess the intimamedia thickness. 13 Replicate scans were performed within a week of each other at baseline and at 24 months to decrease any variation in measurement, to increase the statistical power, and to preserve the quality control of image acquisition. At each visit, a scan was performed with image acquisition at one predefined angle of the far wall of six carotid segments: the right and left common carotid arteries, carotid bifurcations, and internal carotid arteries. B-mode scans of the right and left common femoral arteries were also performed. All images were transferred to the ultrasonography core laboratory at the Academic Medical Center. Standardized equipment and operating procedures were used to process stored images.
The original training protocol for image readers was amended in April 2006. The change that was proposed was the transition from a single image on the screen to a multiple-image (synchronous) reading process. Images were arranged in electronic folders, with each folder containing seven shuffled, masked time points. These were used for anatomic location and image quality and resulted in improvement in reader variability as well as improvement in the intra-observer standard deviation of the means of the repeated measurements (for details, see the Supplementary Appendix).
Study Outcomes
The predefined primary outcome was the change from baseline in ultrasonographic measurement of the mean carotid-artery intima-media thickness, which was defined as the average of the means of the far-wall intima-media thickness of the right and left common carotid arteries, carotid bulbs, and internal carotid arteries in the two study groups.
The key secondary outcomes were the proportion of patients with regression in the mean carotid-artery intima-media thickness from baseline, the proportion of patients with new carotid-artery plaques of more than 1.3 mm, the change from baseline in the mean maximal carotid-artery intima-media thickness (which was defined as the average of far wall maximum intima-media thickness of the right and left common carotid arteries, carotid bulbs, and internal carotid arteries), and the change from baseline in the average mean intima-media thickness of the carotid and common femoral arteries. (Additional secondary outcomes are listed in the Supplementary Appendix.) Fasting blood samples were obtained for analysis of lipid measures, as well as laboratory measures of liver aminotransferase levels, renal function, and hematologic values.
Statistical Analysis
A total of 325 patients were required in each study group to provide a statistical power of 90% to detect a difference of 0.05 mm in carotid-artery measures between the two study groups within 2 years, assuming a standard deviation of 0.20 mm and a two-sided alpha of 0.05. We planned to recruit 725 patients to allow for a discontinuation rate of about 12% during the 2-year study period.
To calculate differences between study groups in changes from baseline, we use analysis-ofcovariance models that extract effects according to center, treatment, and the baseline mean carotid-artery intima-media thickness. Analyses are two-sided, with a P value of 0.05 considered to indicate statistical significance. All analyses were performed on an intention-to-treat basis. 14 We used the last-observation-carried-forward method for patients who did not complete the study. In addition, we used a longitudinal (repeated-measures) model that extracts effects according to center, treatment, time, and time according to treatment interaction with an unstructured vari-ance-covariance structure to support the primary analysis. The longitudinal analysis was based on observed data (with time points at 6, 12, 18, and 24 months) and not on the last-observation-carried-forward method.
We used a chi-square test to compare the two study groups with respect to the proportion of patients with a reduction in the mean carotidartery intima-media thickness from baseline to the end of the study and the proportion of patients with new carotid-artery plaques, which were defined as an intima-media thickness of more than 1.3 mm. Statistical analyses were performed with SAS software, version 9.1. All exploratory analyses are further outlined in the Supplementary Appendix.
Although the study was not powered to assess clinical outcomes, patients were followed for the occurrence of major adverse cardiovascular events, including death, myocardial infarction, stroke, resuscitated cardiac arrest, and coronary revascularization. It should be noted, however, that none of these events were adjudicated.
R e sult s
Patients
From August 2002 to April 2004, a total of 1180 patients with familial hypercholesterolemia underwent screening. Of these patients, 720 then underwent randomization, with 363 assigned to the simvastatin-only group and 357 assigned to the simvastatin-plus-ezetimibe (combined-therapy) group (Fig. 1) . The intention-to-treat population (i.e., patients who underwent post-baseline measurement of carotid-artery intima-media thickness) consisted of 642 patients (320 in the simvastatinonly group and 322 in the combined-therapy group). Of these patients, 64 in the simvastatin-only group and 41 in the combined-therapy group did not complete the trial.
Demographic and clinical characteristics of the patients are listed in Table 1 . The body-mass index was significantly higher in the combinedtherapy group (P = 0.047). Medical-history findings revealed trends toward a higher rate of hypertension (P = 0.09) and a lower rate of myocardial infarction (P = 0.06) in the combined-therapy group. Approximately 80% of patients in each group had previously received statins. Compliance with the administration of a study drug (i.e., receipt of at least 70% of a study medication), as measured by tablet count, was 78% in the simvastatin-only group and 84% in the combined-therapy group. therapy group than in the simvastatin-only group (Table 2 and Fig. 2 ).
Laboratory Results
Image Quality for Intima-Media Thickness
Intraclass correlation coefficients, indicating the reproducibility of the measurements between replicate scans at baseline (for 572 patients) and at the end of the study (for 548 patients), were 0.92 and 0.93, respectively. These estimates included differences within and between visits, within and between sonographers, and within and between reader-variability components. The standard deviations between the paired measurements at baseline and at the end of the study were 0.053 mm and 0.056 mm, respectively. Completeness of the data for the primary outcome measure (i.e., information regarding four segments or more at baseline and at the end of the study) was 88.0% for patients who had at least one end-of-study visit. In addition, completeness of the data for the intima-media thickness of the common carotid artery was 96.6% for patients who were seen at baseline and at the end of the study. For the intima-media thickness of the carotid bulb and internal carotid artery, these proportions were 84.9% and 84.1%, respectively. Table 3 summarizes the results of measurement of the intima-media thickness of the carotid and femoral arteries. The full analysis set incorporated all patients with at least one measurement of intima-media thickness after the baseline assessment: 320 patients (88.1%) in the simvastatin-only group and 322 patients (90.2%) in the combinedtherapy group.
Carotid Ultrasonography
Primary Outcome Measure
The primary outcome measure, the change from baseline in the mean (±SE) intima-media thickness of the carotid artery, was 0.0058±0.0037 mm in the simvastatin-only group and 0.0111±0.0038 mm in the combined-therapy group. This difference (0.0053 mm) did not reach statistical significance (P = 0.29). The exclusion from the statistical analyses of patients with missing data or biologically implausible measures of the carotid-artery intima-media thickness (defined as a difference of >0.1 mm between visits) did not change the primary or secondary outcome results (data not shown).
The results of the longitudinal, repeated-measures model were in line with the primary outcome measure (Fig. 3) . The change in the average intima-media thickness over time did not differ significantly between the two study groups (P=0.17 for the interaction between treatment and time). There was a slight increase in the mean intima-media thickness over time in both groups; at 2 years, estimates were 0.0095±0.0040 mm in the simvastatin-only group (P = 0.02) and 0.0121±0.0038 mm in the combined-therapy group (P<0.01).
Secondary Outcome Measures
Regression in the mean carotid-artery intimamedia thickness was seen in 142 of 320 patients (44.4%) in the simvastatin-only group and in 146 of 322 patients (45.3%) in the combined-therapy group (P = 0.92). New plaque formation (which was defined as an intima-media thickness of more than 1.3 mm) was seen in 9 of 320 patients (2.8%) in the simvastatin-only group and in 15 of 322 patients (4.7%) in the combined-therapy group (P = 0.20). No significant change was observed in the mean maximum carotid-artery intima-media thickness, an increase of 0.0103±0.0049 mm in the simvastatin-only group and 0.0175±0.0049 mm in the combined-therapy group (P = 0.27). Finally, no significant changes were observed between study groups regarding mean measures of the intima-media thickness of the common carotid artery (P = 0.93), the carotid bulb (P = 0.37), the internal carotid artery (P = 0.21), and the femoral artery (P = 0.16), nor in the average of the mean values for intima-media thickness in the carotid and femoral arteries (P = 0.15) ( Table 3) .
Adverse Events
Adverse events that were considered to be related to treatment were similar in the two groups and occurred in 107 of 363 patients (29.5%) in the simvastatin-only group and in 122 of 357 patients (34.2%) in the combined-therapy group (P = 0.18). Likewise, the rates of discontinuation owing to adverse events were similar: 34 of 363 patients (9.4%) in the simvastatin-only group and 29 of 357 patients (8.1%) in the combined-therapy group (P = 0.56). Eight of 360 patients (2.2%) in the simvastatin-only group and 10 of 356 patients (2.8%) in the combined-therapy group had to discontinue treatment because of consecutive elevations of more than three times the upper limit of the normal range (ULN) in alanine aminotransferase, aspartate aminotransferase, or both (P = 0.62). There was one case of possible hepatitis in the simvastatin-only group. Furthermore, 8 of 360 patients (2.2%) in the simvastatin-only group and 4 of 356 patients (1.1%) in the combined-therapy group had an increase in the level of creatine kinase of more than 10 times the ULN (P = 0.25). Myopathy (which was defined as a creatine kinase level ≥10 times the ULN, with associated muscle symptoms) occurred in one patient in the simvastatin-only group and in two patients in the combined-therapy group. In all patients, increased levels of alanine aminotransferase, aspartate aminotransferase, or both and elevations in creatine kinase levels were transient. No clinically important treatment-related changes were observed for vital signs or measures on electrocardiography. Investigator-reported cardiovascular events were noted in 7 patients in the simvastatin group (including 1 death from a cardiovascular cause, 2 nonfatal myocardial infarctions, 1 nonfatal stroke, and 5 coronary revascularization procedures) and in 10 patients in the combined-therapy group (including 2 deaths from cardiovascular causes, 3 nonfatal myocardial infarctions, 1 nonfatal stroke, and 6 coronary revascularizations).
Dis cus sion
The results of our study showed that the addition of ezetimibe to the highest recommended dose of simvastatin did not reduce the intima-media thickness of the carotid-artery wall in this cohort of patients with familial hypercholesterolemia, despite significant incremental reductions in levels of both LDL cholesterol and C-reactive protein. The primary outcome, the change in the mean intimamedia thickness, did not differ significantly between the two study groups, nor did the secondary outcome measures.
There are at least three possible explanations for the absence of an incremental reduction in the intima-media thickness in patients receiving ezetimibe: the lack of vascular benefit conferred by ezetimibe despite the observed reduction in LDL cholesterol level, the inability of the measurement technique to accurately reflect changes in atherosclerotic burden, and the possibility that the study population had too low a risk, which would limit our ability to detect a differential response to the two interventions.
The first explanation to consider is that the lowering of LDL cholesterol levels by a drug other than a statin might be ineffective for slowing atherosclerosis. Thus, the fact that ezetimibe-induced lowering of LDL cholesterol levels was not associated with an incremental effect on carotid-artery intima-media thickness could be due to the different mechanisms of action of ezetimibe, as compared with those of statins. In addition to the capacity of statins to lower LDL cholesterol levels, the inhibition of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase also leads to a plethora of lipid-independent effects involving antiinflammatory action and improvement in endothelial function. 15 A direct comparison between ezetimibe and statins revealed differential effects on endothelial function favoring statin therapy despite similar reductions in LDL cholesterol, 16, 17 although this finding has not been consistent in all studies. 18 Also, dose intensification of statins in patients with familial hypercholesterolemia resulted in a further reduction in the progression of intima-media thickness in the carotid artery. 19 Thus, it can be argued that certain lipid-independent effects of statins that are not shared by ezetimibe are involved in the production of a vascular benefit.
However, several facts argue against the concept that ezetimibe-induced lowering of LDL cholesterol levels does not produce additional vascular benefit beyond that of statins. First, a recent regression meta-analysis showed that the lipid- 
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Simvastatin plus ezetimibe independent effects of statins did not confer an additional risk reduction beyond that expected from the degree of the lowering of the LDL cholesterol level. 20 Second, data from the Program on Surgical Control of the Hyperlipidemias (POSCH) trial showed that reductions in levels of LDL cholesterol after ileocecal bypass were associated with significant reductions in cardiovascular mortality and event rates similar to those observed in statin-prevention trials. 21, 22 In view of the controversy regarding the lipid-independent effects of statins, the results of ongoing clinical trials comparing statins with combined therapy with ezetimibe and a statin are eagerly awaited to resolve this issue. Large epidemiologic studies have provided strong associations between intima-media thickness and stroke, angina pectoris, and myocardial infarction. 10, 11 In the Atherosclerosis Risk in Communities (ARIC) study involving 15,800 adults, an increase of 0.2 mm in the mean carotid-artery intima-media thickness was associated with an increase in relative risk for myocardial infarction and stroke of 33% and 28%, respectively. 23 This close relationship between intima-media thickness and cardiovascular risk has subsequently been corroborated in several other studies. 24 One of the principal determinants of atherosclerosis progression has proved to be LDL cholesterol levels, as confirmed by the linear relationship between the level of LDL cholesterol and intima-media thickness. 25 This finding is further supported by the observation that progression in intima-media thickness is significantly attenuated in statin intervention studies in both adult and pediatric patients with familial hypercholesterolemia. 11, 19, [26] [27] [28] [29] [30] [31] [32] On the basis of this information, the measurement of intima-media thickness can be considered as a validated surrogate marker for atherosclerotic vascular disease. Also, in view of the precision of the measurements in our study, as exemplified by the high intraclass correlation coefficient and the small standard deviations, it seems unlikely that we were unable to detect a truly significant change in arterial-wall measures using our measurement technique.
Patients with familial hypercholesterolemia are known to be at greatly increased risk for premature coronary artery disease, 10 accompanied by accelerated progression of intima-media thickness starting in childhood. 11 However, the treatment of patients with familial hypercholesterolemia has witnessed profound changes. Currently, the majority of patients with familial hypercholesterolemia are treated with high-dose statins starting at an early age. Such therapy can be expected to attenuate the progression of intima-media thickness, as was shown in the Atorvastatin versus Simvastatin on Atherosclerosis Progression (ASAP) study. 19 Thus, it is not unexpected that the baseline carotid intima-media thickness in our study was lower than that observed in earlier trials involving patients with familial hypercholesterolemia 33 and in most other previous lipid-modifying trials, 26, 27, 31 with the exception of the Arterial Biology for the Investigation of the Treatment Effects of Reducing Cholesterol 1 (ARBITER-1) study. 31 Among patients who received 80 mg of simvastatin only in our study, the progression of intima-media thickness was 0.0029 mm per year, as compared with 0.018 mm per year in patients with familial hypercholesterolemia who received 40 mg of simvastatin in the ASAP study -a reduction by a factor of 6 among patients receiving the higher dose. In further support of the influence of previous statin therapy, progression of intima-media thickness in the carotid artery decreased to 0.005 mm per year during long-term daily therapy with 80 mg of atorvastatin in the ASAP extension study, 34 a finding that contrasts with the substantial reductions in intima-media thickness seen during the first 2 years of the trial. In the Rating Atherosclerotic Disease Change by Imaging with a New CETP [Cholesteryl Ester Transfer Protein] Inhibitor (RADIANCE 1) study, 35 the most recent study involving a similar group of patients with familial hypercholesterolemia, the pattern of change in intima-media thickness after a mean daily dose of 57 mg of atorvastatin was very similar to that observed in both groups in our study. These data raise the possibility that there may be limits to the extent to which the lowering of LDL cholesterol levels can result in a further decrease in the progression of intimamedia thickness in the context of previous statin therapy and a modest baseline intima-media thickness.
In conclusion, the reduction of LDL cholesterol by the addition of ezetimibe to simvastatin did not reduce intima-media thickness of the carotidartery wall in patients with familial hypercholesterolemia in our study. The reason for the failure to observe an incremental effect on intima-media thickness despite a reduction in levels of LDL cholesterol remains unknown.
